Land cover and population is key in considering sustainable management of the environment. An assessment focusing on the two may aid planning for sustainable management of the ecosystems. This is particularly vital for the water tower ecosystems which are extremely vulnerable. This paper provides a scientific assessment on the extent of land cover change in Mau Water Tower Ecosystem from 1986 to 2015 using satellite images. It analyzes the implications of observed population dynamics and forecasts the extent of land cover change in this resource. The results indicate a sharp increase in the area covered by grassland with a drastic decline in forest cover. Cropland showed marked fluctuations during the entire period. The change in forest cover had a very strong significant negative relationship with the rapid population increase. Forecast on land cover change, based on a "Business as Usual" (BAU) scenario, indicated further decline in forest cover and an increase in the area covered by grassland. The results of the study suggest that land cover change and population growth within the water towers are closely interlinked and cause significant effects on these ecosystems. These findings lay the foundation for a review of conservation and agricultural policies in order to enhance sustainable management of Mau Water Tower.
Introduction
Land cover is the physical attribute on the Earth's surface while land use describes the function of these attributes for human purposes [1] . These components are significant to global environment as they exert direct significant effects on regional environments and ecosystems [2, 3] . Land cover change in particular, is a subject that has in the contemporary time gained interest because of its effects on the environment [4, 5] . Anthropogenic activities have been the central potency influencing land cover with their impacts varying temporally and spatially [6] . This consequently leads to changes in ecosystem functioning [7] . There are five key driving causes of land cover change; institutions, demographic change, technology, economics and culture [8] . In recent years, global land cover change has been characterized by agricultural expansion and urbanization [9] . Rapid population growth has an indirect effect on land uses and consequently land cover change [10] . This has been linked with change of forest cover, forest fires, logging [11] , alteration of wetlands, soil degradation in agricultural areas [12] and significant biodiversity decline [13, 14] . Population growth has been attributed to reduced environment quality and low economic development in developing countries [15, 16] . As population grows, people require more land for cultivation [17] , they need more fuelwood, and more land to graze as well as land for settlement [18] . Nyando ( Figure 1 ), draining into Lake Nakuru, Lake Baringo, Lake Turkana, Lake Victoria and Lake Natron which is located in Tanzania [27, 28] . The Mau Water Tower is divided into 22 forest blocks [26] . The water tower receives an average annual rainfall of about 1300 mm [34] . This makes it suitable for agriculture. The climatic condition causes a habitat zonation of dense forest, 2100-2600 meters above sea level (m.a.s.l.); open bushy forest, up to 2100 m.a.s.l.; thick mature forest with large trees, 2300-2600 m.a.s.l.; an upper bamboo forest, higher than 2600 m.a.s.l. and open grasslands in the highest areas, 2800-3000 m.a.s.l [42] . Mau Water Tower is approximately 142 km from the Capital, Nairobi. blocks [26] . The water tower receives an average annual rainfall of about 1300 mm [34] . This makes it suitable for agriculture. The climatic condition causes a habitat zonation of dense forest, 2100-2600 meters above sea level (m.a.s.l.); open bushy forest, up to 2100 m.a.s.l.; thick mature forest with large trees, 2300-2600 m.a.s.l.; an upper bamboo forest, higher than 2600 m.a.s.l. and open grasslands in the highest areas, 2800-3000 m.a.s.l [42] . Mau Water Tower is approximately 142 km from the Capital, Nairobi. 
Satellite Data Acquisiton
There are several studies where assessing changes in land cover using satellite images has been applied [44] [45] [46] [47] [48] [49] [50] . This study used satellite images from Landsat-5 Thematic Mapper (TM) and Landsat-8 Operational Land Imager (OLI) to assess land cover change in Mau Water Tower. The images were sourced from the United States Geological Survey (USGS) website (http//:earthexplorer.usgs.gov). Landsat images were considered not only because of their wide availability but also due to their 16 day temporal resolution, 30 M spatial resolution (i.e., a single pixel in the image represents 30 × 30 m on the ground) which is high and most notably their long period of coverage beginning in 1972 to date [51] . Images were sourced for path/row 169/60 and 169/61 both of which cover the Mau Water Tower fully. The periods when the images were taken including the years was carefully considered to allow good classification and to serve the study's objectives. The images used in the study area were from the years 1986, 1995 and 2015 (Table 1 ). The acquisition dates of the satellite images differ slightly and are spread between January and July. The study considered cloud-free and dry season images as they are key in conducting informed analyses. Land cover classification, analysis and accuracy assessments done using ENVI 5.4 and map production done using Arc GIS 10.5.1 software. 
There are several studies where assessing changes in land cover using satellite images has been applied [44] [45] [46] [47] [48] [49] [50] . This study used satellite images from Landsat-5 Thematic Mapper (TM) and Landsat-8 Operational Land Imager (OLI) to assess land cover change in Mau Water Tower. The images were sourced from the United States Geological Survey (USGS) website (http//:earthexplorer.usgs.gov). Landsat images were considered not only because of their wide availability but also due to their 16 day temporal resolution, 30 M spatial resolution (i.e., a single pixel in the image represents 30 × 30 m on the ground) which is high and most notably their long period of coverage beginning in 1972 to date [51] . Images were sourced for path/row 169/60 and 169/61 both of which cover the Mau Water Tower fully. The periods when the images were taken including the years was carefully considered to allow good classification and to serve the study's objectives. The images used in the study area were from the years 1986, 1995 and 2015 (Table 1 ). The acquisition dates of the satellite images differ slightly and are spread between January and July. The study considered cloud-free and dry season images as they are key in conducting informed analyses. Land cover classification, analysis and accuracy assessments done using ENVI 5.4 and map production done using Arc GIS 10.5.1 software. The land cover change analyses followed the procedure illustrated in Figure 2 below. The land cover change analyses followed the procedure illustrated in Figure 2 below. 
Land Cover Classification and Analysis
Maximum likelihood supervised classification was used in this study. This classification assumes that the statistics for each class in each band are normally distributed and calculates the probability that a given pixel belongs to a specific class [52] . The USGS images are usually geometrically rectified and thus no further orthorectification was needed. The images were however layer stacked to allow use of several bands in the analysis for greater detail. The Landsat-5 images i.e., those for 1986 and 1995 were layer stacked for spectral bands 2, 3 and 4 while the Landsat-8 images i.e., for 2015 were layer stacked for spectral bands 3, 4 and 5. Table 2 shows the features of the spectral bands used. 
Maximum likelihood supervised classification was used in this study. This classification assumes that the statistics for each class in each band are normally distributed and calculates the probability that a given pixel belongs to a specific class [52] . The USGS images are usually geometrically rectified and thus no further orthorectification was needed. The images were however layer stacked to allow use of several bands in the analysis for greater detail. The Landsat-5 images i.e., those for 1986 and 1995 were layer stacked for spectral bands 2, 3 and 4 while the Landsat-8 images i.e., for 2015 were layer stacked for spectral bands 3, 4 and 5. Table 2 shows the features of the spectral bands used. The layer stacked images were then mosaicked. This was in order to form one continuous image for each year by merging the path/row 169/60 and 169/61 images. Unsupervised classification was then done using Isodata classification. The results of the unsupervised classification were used to guide a field based ground truthing exercise to facilitate training data for the eventual supervised classification. A total of 180 sample points were gathered for training and testing. This was done along a transect running from Bomet County through Narok County and ending in the Nakuru County With the aid of a handheld Global Positioning System (GPS). This study designated 20 training samples of 40 pixels for each of the three land cover types (forest, cropland and grassland) as recommended by Lillesand et al. [53] . These were sampled in areas that did not experience change over the study period. The data collected during the ground truthing were entered in Excel format and converted to shape files using Arc GIS 10.5.1 software and used land cover image classification, analysis and accuracy assessments in ENVI 5.4 version software. Reflectance values corresponding to the land cover classes were used to create their respective spectral signatures which were then used to carry out the classification. Change detection was then done to identify the differences between the classified images. In doing this, a change matrix was also developed showing differences in land cover between periods i.e., 1986 to 1995, 1995 to 2015 and 1986 to 2015. This differentiation enabled the detection of the change in specific land cover types between the periods.
Although there are several classes widely used for assessments i.e., barren lands rangelands, deserts, grassland, forest, croplands, wetlands, water bodies and built-up lands, three land cover types were purposively considered in this study, i.e., forest, cropland and grassland. These types are most significant and widely distributed in the study area. A consideration was also made upon extensive field observation. This is a gazetted water tower hence built-up areas are minimal. These areas were therefore not included as they would not significantly affect the outcome of this study. The three cover types are described in Table 3 . Table 3 . Land cover description.
Cover Type Description
Forest Areas characterized by densely forested areas both closed and open forest. Cropland Agricultural land, including old and new cultivated lands, fallow land.
Grassland
Areas dominated by grasses, small shrubs or thickets rather than large shrubs or trees.
Results Validation
Validation through quality check is key in handling analysis of satellite-data products. This quality check is necessary because of the errors and inherent uncertainties associated with the remote sensed data and because image classification is also based on sampling of the classes [54] . In this study, historical aerial photographs of the area in 1985/95 retrieved from Survey of Kenya were used to evaluate the accuracy of the 1986/95 Landsat images while SPOT-6 images (Panchromatic, 1.5 m resolution) were used to evaluate the accuracy of the 2015 Landsat image. Testing data were used to assess the accuracy of the final classification since it measures similarity of an estimate to the true value [55] . The overall accuracies were calculated for each class per year. A comparison was applied by generating an error matrix as recommended by Janssen et al. [54] .
Assessing Population Dynamics
The decadal population census data for 1979, 1999 and 2009 were baselines used in this study. The 22 districts considered were: Buret, Sotik, Bomet, Kericho, Kipkelion, Narok South, Narok North, Transmara, Nakuru, Nakuru North, Naivasha, Molo, Nandi North, Nandi Central, Nandi East, Nandi South, Tinderet, East Pokot, Koibatek, Eldoret West, Eldoret East and Wareng (Table 4) . These districts fall within the five counties bounding the Mau Water Tower: Uasin Gishu, Narok, Nakuru, Nandi and Kericho Counties. The districts with close proximity were purposively sampled as population closer to natural resources tend to have considerable impacts on these resources [56] .
Calculations were based on annual statistical abstracts and decadal census data from Kenya National Bureau of Statistics [57] [58] [59] [60] . Table 4 . Distribution of the districts.
County District Kericho
Sotik, Buret, Bomet 1 , Kericho and Kipkelion Narok Narok South, Narok North and Transmara Nakuru Nakuru, Nakuru North, Naivasha and Molo Nandi Nandi Central, Nandi North, Nandi East, Nandi South and Tinderet
Uasin Gishu
East Pokot, Koibatek, Eldoret West, Eldoret East and Wareng 1 Considered as a district even though after 2010 the status changed to County (no implication on study).
The nearest preceding and succeeding decadal census data to the year of land cover analysis were used. Emphasis was on the closest decadal census data preceding the year of land cover analysis. Projection of 1979 population was made to 1986. From 1986, annual population growth was calculated to 2015, a total of 29 observations. This was to align with the analysis of the land cover change of 1986-2015. After which, further projection was carried out based on exponential growth as expressed in Equation 1 using inter-censual population growth rate of 2.9% as per the Kenya Population Analysis Report [61] . The 1979 data was the officially available census data before 1986.
where P 0 is the initial population, P t is the population t years later, r is the annual growth rate and e is the base of the natural logarithm.
Population Dynamics and Land Cover Change
In this study, we sought to establish if there existed an association between forest cover and human population within Mau Water Tower. Pearson's correlation coefficient was used to ascertain this association over the study period, testing for significance at p < 0.05. Pearson's correlation coefficient measures the statistical relationship, or association, between two continuous variables i.e., the strength and direction of linear relationships between pairs of continuous variables. It is known as the best method of measuring the association between variables of interest because it is based on the method of covariance [62] . It gives information about the magnitude of the association, or correlation, as well as the direction of the relationship. This exercise was carried out using SPSS statistical software package. Forest cover was chosen because of its multitude of benefits to humans and contribution to this water tower's ecosystem functions.
Forecasting Land Cover Change
In forecasting future land use changes, scenario analysis is essential [63] . The forecast of land cover change in Mau Water Tower was done based on the past assessment of land cover change i.e., 1986 and 2015. This forecast was carried out based on a "Business as Usual" (BAU) scenario. This scenario assumes that the controls and policies remain unchanged throughout the projection period [64] , and distributions follow past trends determined by proximity variables (distances), climate variables, geophysical variables and socio-economic variables (gross domestic product, population density) [65] . In this study, annual change of forest cover and grassland for the past 29 years was calculated using Equation 2 as recommended by Puyravaud [66] . In forecasting the future land cover, the result from the annual change was used to determine the area covered by forest and grassland by the years 2024 and 2044. This was a period of 29 years with 2015 as the baseline. The forecast of the area covered by cropland was dependent on the future trend of the other two cover types as it did not depict a linear trend like forest and grassland.
where, r is the annual rate of change of forest cover; t 2 and t 1 are the end and beginning of the analysis period, respectively and A 2 and A 1 are forest cover at time t 2 and t 1 , respectively.
Results

Land Cover Change in Mau Water Tower, 1986-2015
Results displayed in Figure 3 shows the extent of land cover change in Mau Water Tower in 1986, 1995 and 2015. From the maps, in 1986 forest evenly covered the water tower while cropland was concentrated on the Northern and Central parts. In the same year, there were few spots of grassland spread across the water tower. In contrast, the 1995 map shows that grassland dominated the South Western part of the water tower replacing the forest area and the cropland. This replacement also occurred in the Northern parts. By 2015, grassland in the South Western part had reduced slightly, being replaced by forest, but it increased in the North. The maps also show that cropland had increased slightly in the South Eastern parts of the water tower. There was significant net loss and gain of forest and grassland, respectively, between 1986 and 2015. The results show that forest cover net loss was 133,288 ha. This is a substantial loss given the importance of this resource and the amount of effort it might take for its restoration [67, 68] . Massive loss of forest cover in the water tower was between 1986 and 1995, from 73.36% to 46.7%. This can be attributed to rampant deforestation in the late 1980s and early 1990s. Grassland, on the other hand, depicts a net gain of 143,351 ha by 2015, a significant transition from 11.67% to 45.86%. Cropland had a slight loss of 10,063 ha from 14.97% to 12.57%. The land cover change matrix for the period 1986-2015 ( The land cover change matrix for the period 1986-2015 ( Table 6 ), shows that in this period, 138,626.29 ha of forest was converted to grassland and 27,332.22 ha to cropland. Conversely, a paltry 18,790.65 ha of cropland and 6981.36 ha of grassland was converted to forest. An area of 20,610.03 ha of cropland was converted to grassland compared to 7477.51 ha of grassland to cropland. A total area of 204,585.09 ha remained unchanged over the entire period. Remarkable conversion of forest was found between 1986 and 1995, where 123,275.81 ha of forest was converted to grassland. The land cover change analysis was extended to the 5 kilometer buffer zone around the water tower. This study deliberately focused on this region in order to gather knowledge on the extent of land cover change as this also directly or indirectly influences changes in the entire water tower's ecosystem over time. This region is considered to have intense and dynamic human activities [69] . The 5 km buffer zone covers an area of 415,802 ha. The land cover change matrix for the 5 km buffer zone around Mau Water Tower (Table 8) shows that in the period 1986-2015, a total of 21,006.21 ha of forest was converted to cropland. In addition, 31,814.04 ha of forest was converted to grassland. Over the entire period, 51,237.95 ha of cropland was converted to forest and 38,733.47 ha to grassland. This was almost equal to total area of forest converted to cropland and grassland. Subsequently, 18,336.71 ha of grassland was converted to forest and 45,252.26 ha to cropland. An average area of 207,604.4 ha did not experience change between 1986 and 2015. Figure 4 below shows the trend of population growth from 1979 to 2009 [57] [58] [59] [60] . This is the population of the districts (Table 4) bounding Mau Water Tower aggregated from each administrative region of the five counties (Uasin Gishu, Narok, Nakuru, Nandi and Kericho). During this period, the population increased sharply in all the counties bounding this water tower. It is also important to note that from the year 1999, the Kenyan Government created more districts from those that were already existing. This, however, did not affect the study objective. This meant further subdivision of districts that existed in the baseline (1979).
Implications of Observed Population Dynamics on the Land Cover Change
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Forecast of Land Cover Change in Mau Water Tower to 2044
Based on the past trend between 1986 and 1995, there was a decline in forest cover while the area covered by grassland increased ( Figure 5 ). The estimated average loss of forest between 1986 and 2015 was 4596 ha per year while area covered by grassland was increasing at an average of 4943 ha per year. Forecast of the extent of land cover change by 2044 was established based on a "Business as Usual" (BAU) scenario. Considering the changes that occurred in the past, this scenario assumed that Analysis carried out on the land cover change (Table 5) revealed that forest cover has been on a substantial decline. Pearson's correlation analysis was conducted between forest cover and population to measure their statistical relationship or association. Subsequently, the correlation coefficient indicated a very strong negative relationship (r = −0.998), p < 0.05). The interpretation of this result is that, as the population of the counties bounding Mau Water Tower was on the rise, there was a consistent decline in forest cover. The counties bounding Mau Water Tower are considered to be among those practicing agriculture in a high scale in Kenya [70] , and this might have played a key role in this association. This is evident from the dominance of cropland in the analysis in Table 7 . Population increase in these areas is consistent throughout the study period and matches the agriculture dominance in the study area. To some degree, this confirms that population increase created pressure on this ecosystem through forest clearing for agricultural expansion, logging and charcoal burning as observed by Olang and Kundu [34] .
Based on the past trend between 1986 and 1995, there was a decline in forest cover while the area covered by grassland increased ( Figure 5 ). The estimated average loss of forest between 1986 and 2015 was 4596 ha per year while area covered by grassland was increasing at an average of 4943 ha per year. Forecast of the extent of land cover change by 2044 was established based on a "Business as Usual" (BAU) scenario. Considering the changes that occurred in the past, this scenario assumed that forest cover will continue declining by 4596 ha each year, while the area covered by grassland will be gaining 4943 ha each year. On the other hand, cropland was dependent on the other two land covers since it depicted fluctuations from the past trend. The forecast of forest cover shows that it will decline to 132,977 ha by the year 2024 and further down to 41,057 ha in 2044. While the area covered by grassland will increase to 236,797 ha by the year 2024 and further to 335,657 ha in 2044. Cropland will reduce slightly from 52,716 ha in 2015 to 49,593 ha in 2024 and by 2044, this will have reduced further to 42,653 ha. If this situation remains the same, the forecast indicates that the forest will be depleted by the year 2053, while grassland will cover 380,144 ha and a few sections will be covered by an estimated 38,856 ha of cropland.
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Discussion
Land Cover Change in Mau Water Tower
Land cover in Mau Water Tower has undergone massive change between 1986 and 2015. The findings of this study indicate that the forest alone has been declining immensely (Table 5 ). This can be attributed to both logging (legal and illegal), encroachment and forest excision that occurred in the water tower during this period [71] . Excision involves de-gazettement of public forest blocks for other land uses and this affected many forest blocks in Mau Water Tower including the Maasai Mau, South Western Mau, Eastern Mau and Western Mau blocks. In 2001, 61,587 ha of forest area in this water tower was excised. In addition, an estimated 29,000 ha was encroached and over 17,000 ha illegally allocated in the Maasai Mau area alone [43] . These excisions were among the many unreported cases carried out in the pretext of creating settlement for the landless, especially those displaced during the socio-political clashes of 1992 and 1997 [72] . This affected some of the key microcatchments including South West Mau [73] , which is a source of River Sondu known to produce up to 80 MW of hydro-power. The decline of forest through excision has been supplemented by illegal logging. Kenya is considered to be a country free of large-scale illegal logging [74] . 
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Discussion
Land Cover Change in Mau Water Tower
Land cover in Mau Water Tower has undergone massive change between 1986 and 2015. The findings of this study indicate that the forest alone has been declining immensely (Table 5 ). This can be attributed to both logging (legal and illegal), encroachment and forest excision that occurred in the water tower during this period [71] . Excision involves de-gazettement of public forest blocks for other land uses and this affected many forest blocks in Mau Water Tower including the Maasai Mau, South Western Mau, Eastern Mau and Western Mau blocks. In 2001, 61,587 ha of forest area in this water tower was excised. In addition, an estimated 29,000 ha was encroached and over 17,000 ha illegally allocated in the Maasai Mau area alone [43] . These excisions were among the many unreported cases carried out in the pretext of creating settlement for the landless, especially those displaced during the socio-political clashes of 1992 and 1997 [72] . This affected some of the key micro-catchments including South West Mau [73] , which is a source of River Sondu known to produce up to 80 MW of hydro-power. The decline of forest through excision has been supplemented by illegal logging. Kenya is considered to be a country free of large-scale illegal logging [74] . Despite this, a Report of the Government Task Force on the conservation of the Mau Forest Complex indicated the existence of illegal logging targeting mostly cedar trees in the Mau Water Tower in addition to other unsanctioned activities such charcoal production and livestock grazing [71] .
Agriculture also contributed to the decline of forest within the water tower. The findings of this study indicated conversion of sections of forest to cropland (Table 6 ). In Africa, local communities living adjacent to forests are known to typically practice subsistence agriculture and are highly dependent on forest products [75] . In Kenya, the areas around the Mau Water Tower are generally considered as agricultural zones [70] and this might have contributed to the change in land cover. This is likely to exacerbate with time as farmers seek more land for agricultural expansion as observed by Nkako et al. [33] .
Despite the forest decline in Mau Water Tower between 1986 and 2015, there were some gains made (Table 6 ). This could be attributed to natural regeneration as well as reforestation efforts by the government agencies together with stakeholders who have been steering forest recovery. There have been rehabilitation efforts in various blocks of Mau Water Tower with a key focus on the Eastern Mau block that had faced massive forest decline [22] . In July 2008, in order to enhance conservation efforts, Kenya established a multi-stakeholder Task Force to look into conservation of the Mau Forests Complex. This contributed and brought a raft of measures which have since been implemented. Some of the recommendations from the task force included delineating extremely critical water catchments and biodiversity hotspots and restoration of critical sub-catchments. These tasks were carried out by Kenya Water Towers Agency (KWTA), an agency formed in 2012 to coordinate activities within all the water towers in Kenya. According to the KWTA [22] , biodiversity hotspots were identified in Mariashoni, Teret, Nessuit, Kapkembu, Oloropil, Njoro, Mau Narok, Kiambogo, Entiyani, Kihingo, Kitiro, Turi, Mauche, Nkololani and Topoti, with Enoosupukia under massive reforestation in collaboration with Ministry of Energy and Narok County Government.
Population Growth and Mau Water Tower Land Cover Change
Land cover change is dynamic and varies as a reaction to the interface amid proximate causes and underlying drivers [76] . According to the results in this this study, population has been growing rapidly in the counties bounding Mau Water Tower (Figure 4 ). This has consequently played a key role in land cover change in this area. In Kenya, approximately 20% of the land is arable land and the water towers fall within these lands. Close to 75% of the country's population is concentrated in these arable lands [77] . This makes the area vulnerable to anthropogenic activities including logging, charcoal burning and agriculture [78] . The population of the counties bounding the water tower is on an increasing trend and is projected to continue without significant variation. This will create a considerable threat to the land cover of the Mau Water Tower as has been evident in the previous years. The findings of this study are supported by Mather and Needle [79] who observed that in the regions which experienced fast population growth, the general trend of forest cover declined. It is evident that rapid population growth is causing the growing need for natural resources, more forest products well as more land for farming. The population-land cover change correlations revealed in this study, have also been established in research work conducted in Central America, in which rapid population growth was associated with the massive deforestation in Costa Rica and Guatemala [80, 81] .
This study also found that cropland dominated the 5 km buffer zone around the water tower (Table 7) . Indeed, the majority of the people around Mau Water Tower live in a rural setup where people directly engage in farming as the main source of income generation. Henry et al. [82] pointed out that agriculture is the main source of livelihood in the Sub-Saharan countries. This consequently forces the majority of people to rely heavily on it, thus contributing to land cover change in the water tower ecosystem. Nkako et al. [33] observed that the local community is likely to expand their agricultural land towards the deforested areas and sooner or later cut down the trees around their farms for further expansion. Deforestation and expansion of agriculture are likely to cause adverse effects in the water tower ecosystems. Such anthropogenic land use, for example, reduces the capacity for rain water absorption, thus increasing surface runoff [83, 84] , which in turn affects wetland water quality and quantity.
Conclusions
This study provides an assessment of the Mau Water Tower ecosystem under the influence of land cover change and population growth from 1986 to 2015. It also forecasted the extent of land cover change based on a BAU scenario. The key findings were as follows;
(1) There was drastic change in land cover between 1986-2015 with forest declining rapidly and grassland taking over in most parts of Mau Water Tower. In this period, forest cover declined from 307,629 ha (73.36%) to 174,341 ha (41.57%) (net loss of 133,288 ha), while grassland increased from 48,959 ha (11.67%) to 192,310 ha (45.86%) (net loss of 143,351 ha). The change in cropland was less than 10,063 ha. (2) Massive forest cover loss occurred between 1986 and 1995. (3) There was rapid population increase in the counties bounding Mau Water Tower. (4) Decline in forest cover had a very strong, significant, negative relationship with rapid population increase between 1986 and 2015. (5) Based on a BAU scenario, the land cover is likely to change adversely. By 2044, forest cover will decline further to 41,057 ha (10%) and grassland will increase sharply to 335,657 ha (80%), while an estimated area of 38,856 ha (10%) will be covered by cropland. Further forecasts showed that the forest will be depleted by 2053.
From these findings, it is evident that population growth has led to massive land cover change in this water tower. This situation is likely to degenerate when the farmers living around this resource will seek to expand their agricultural lands. This also manifests from the dynamic and extensive agricultural activities within the 5 km buffer zone. It is therefore important for relevant stakeholders to take keen interest and reshape the strategies used towards sustainable management of water tower ecosystems in order to revert these ecosystems to their pristine condition. Focus should be placed on reviewing and harmonizing the relevant conservation and agricultural policies.
On the other hand, it is not easy to control population growth in developing countries [85] . Therefore, in order to curb the ever increasing population from encroaching on these water towers and avert further land cover change, to start with, this paper recommends putting up a physical barrier in the form of a fence. Fencing has aided in limiting the local people's mobility into protected areas [86] [87] [88] . Public-private partnership (PPP) engagement can be adopted for this exercise as it will help bridge the financial gap. PPP not only allows for collaboration between public agencies and the private sector but also aims at delivering and sustaining public works and services with private sector resources and practical knowledge [89] . PPP has also led to improved sustainability when linked to social outcomes [90] [91] [92] [93] . The respective subnational governments bounding these water towers should play a critical role in this exercise and help in fencing the sections within their jurisdiction.
Author Contributions: S.O. conceptualized the research, carried out data curation and writing of the original draft; Y.S. supervised the research, reviewed the manuscript and provided input in writing and finalizing the paper. 
